We have previously described multialldic restriction fragment length polymorphisms of the C2 gene, suggesting the presence of a variable number of tandem repeats (VNTR) locus. We report here the cloning and sequencing of the polymorphic fragments from the two most common aUeles of the gene, a and b. The results confirm the presence of a VNTR locus consisting of a nucleotide sequence, 41 bp in average length, repeated tandemly 23 and 17 times in alldes a and b, respectively. The difference in the number of repeats between the two alleles is due to the deletion/insertion of two noncontiguous segments, 143 and 118 bp long, of allele a, and of a 40-bp segment of allde b. The VNTR region is associated with a SINE (short interspersed sequence)-type retroposon, SINE-K.C2, located within the third intron of the C2 gene. SINE-R.C2 is a member of a previously described hrge retroposon family of the human genome, apparently derived from the human endogenous retrovirus, (HERV) K10, which is homologous to the mouse mammary tumor virus.
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We have previously described multialldic restriction fragment length polymorphisms of the C2 gene, suggesting the presence of a variable number of tandem repeats (VNTR) locus. We report here the cloning and sequencing of the polymorphic fragments from the two most common aUeles of the gene, a and b. The results confirm the presence of a VNTR locus consisting of a nucleotide sequence, 41 bp in average length, repeated tandemly 23 and 17 times in alldes a and b, respectively. The difference in the number of repeats between the two alleles is due to the deletion/insertion of two noncontiguous segments, 143 and 118 bp long, of allele a, and of a 40-bp segment of allde b. The VNTR region is associated with a SINE (short interspersed sequence)-type retroposon, SINE-K.C2, located within the third intron of the C2 gene. SINE-R.C2 is a member of a previously described hrge retroposon family of the human genome, apparently derived from the human endogenous retrovirus, (HERV) K10, which is homologous to the mouse mammary tumor virus.
T he gene encoding the human second component of complement, C2, spans "~19 kb of DNA and maps within the class III region of the MHC on the short arm of chromosome 6 (1) . The C2 gene is polymorphic, displaying four ILFLPs (2-5) which give rise to at least nine C2 gene haplotypes (5) . Two of these tLFLPs detected by SstI and BamHI, are multiallelic and map at the 5' region of the gene (3). It has been suggested that these multiaUelic RFLPs detect a single variable number of tandem repeats (VNTP,) locus within the C2 gene (3, 5) . Many VNTR loci have been detected throughout the human genome (6, 7) , and most of them are highly polymorphic and thus, useful in linkage studies, and particularly in forensic medicine (8) . VNTP,.s are thought to result from deletion/insertions of the repeated nucleotide sequences or minisateUites via a mechanism of slipped-strand mispairing (9) , or through frequent unequal crossing over primarily during meiosis (6, 10) . To account for the high levels of aUdic variability in repeat copy number, Jeffreys et al. (6) suggested that VNTRs encode hotspots of recombinational activity. (3, 5) . The distribution of these alleles among 143 unrelated individuals was found to be skewed with 250 (87.4%) chromosomes having 2.70/3.40-kb SstI/BamHI fragments (allele a) and an additional 19 (6.6%) chromosomes having 2.5/3.2-kb SstI/BamHI fragments (allde b). The present study was undertaken to ascertain the presence of a VNTK locus in the C2 gene and to investigate the molecular basis for the low rate of polymorphic variation of the locus. Subdoning and nudeotide sequencing of the polymorphic fragments of the two most frequently observed alleles, a and b, demonstrated that a VNTK locus is indeed present within intron 3 of the C2 gene. The data also indicated that the repeated nudeotide sequences constitute part of a SINE (short interspersed sequence)-type retroposon, apparently derived from a human endogenous retrovirus, HEKV-K10 (11), which is homologous to the mouse mammary tumor virus.
Materials and Methods
Three human genomic cosmid clones, $22A, provided by Dr. Thomas Spies, Harvard University (12), cosla (1), and 60sKI01 (13) were used to isolate DNA fragments containing the hypervariabh region of the C2 gene. Southern blotting analysis indicated that $22A contained the 2.5-kb SstI and the 3.2-kb BamHI fragments (allele b), while cosla and cosK101 contained the 2.7-and 3.4-kb SstI and BamHI fragments, respectively (allele a). Additional RFLP analysis indicated that $22A contained haplotype b, and cosla and cosK101 haplotype a of the C2 gene (5) .
The cosmids $22A, cosla, and cosK101 were digested with SstI, and the resulting restriction fragments were subcioned into pUC18. Subelone pS2.5, containing the polymorphic 2.5-kb SstI fragment, and subdoue pS2.7, containing the 2.7-kb SstI fragment, were isolated by using a 300-bp BamHI/KpnI fragment as a probe (Fig.  1 ). This fragment was isolated from BamHI/KpnI double digests of phsmid pG850 (3) by dectrophoresis on low-temperature melting agarose. The probe was labeled with 32P-dCTP by using the random hexanudeotide priming method (14) . The 2.5-kb insert of subelone pS2.5 and a 1.5-kb BamHI/SstI fragment of the insert of subelone pS2.7 were subcloned into M13mp18 and M13mp19 for nuclentide sequencing.
Nucleotide sequencing was carried out by the dideoxy chain termination method using modified bacteriophage T7 DNA polymerase (15) . Buffer gradient gels were used to resolve the sequence reactions. The universal primer of M13 and a series of oligonucleotides, which were synthesized as sequence data became available, were used as primers for obtaining the complete sequence of both strands. Oligonudeotides were synthesized at the Oligonucleotide Synthesis Core Facility of the Comprehensive Cancer Center of this university. To resolve compression bands, dITP was substituted for dGTP in the sequence reactions (16) . Nucleotide sequencing data were analyzed by using the Sequence Analysis Software Package of the University of Wisconsin Genetics Computer Group, (Madison, WI), and the MacVector Sequence Analysis Software (International Biotechnologies, Inc., New Haven, CT).
Results and Discussion
The nucleotide sequences of the 2.5-kb SstI polymorphic fragment of allele b, consisting of 2,468 bp, and of the 1.5-kb BamHI/SstI fragment of allele a, consisting of 1,531 bp, were elucidated. Data on the structure and exon/intron organization of the C2 gene (17) , allowed us to map the 5' SstI and the BamHI restriction sites •1,565 and 2,719 bp, respectively, downstream of exon 3 (Fig. 1) . Comparison of the nucleotide sequences of the BamHI/SstI fragments of the two alldes demonstrated that two segments, 143 and 118 bp long, of allde a are absent from aUde b, and a 40-bp segment of allele b is absent from allele a. These and eight additional single nucleotide ddetions/insertions account for a net difference of 217 bp between the two alleles, which is in good agreement with the 0.2-kb difference determined by Southern blotting (5) . The nondeleted nucleotide sequences of the two alleles differ from each other in 11 of 1,262 positions.
A computer-assisted search of the EMBL and the GertBank data bases indicated that a region of the SstI multiallelic polymorphic fragment of the C2 gene is highly homologous to Rll, a member of a previously described SINE-type retroposon family (18) . The C2 gene and the retroposon are in opposite orientations. The retroposon homology region spans 808 bp of allele b, starting at nucleotide 798, and the corresponding 593-bp segment of the available sequence of allele a, starting at the BamHI restriction site (nucleotide 1155). SINE-R11 is one of three homologous human nonviral retroposons, isolated from a human fetal liver genomic library by screening with DNA probes derived from a human endogenous retrovirus, HERV-K10 (11). An estimated 4-5,000 additional copies of this retroposon are present per haploid human gehome. To our knowledge, this is the first member of this large retroposon family mapped to a chromosomal rite. HERV-K10 is a 9.2-kb genome present in ,v50 copies per haploid human genome, and is homologous to both type A retroviruses and to the type B mouse mammary tumor virus (11) . Both SINE-R11 and the retroposon of the C2 gene (SINE-R.C2) are homologous to a region near the 3' end of HERV-K10. An alignment of the homologous nucleotide sequences of SINE-R.C2 of the two C2 alleles, SINE-R11, and HERV-K10 is shown in Fig. 2 . As shown, the homology region of the HERV-K10 consists of two noncontiguous subregions. The first is 424 bp in length, starting at nucleotide 8407, and includes 141 bp of the 3' end of the env gene and the adjacent and partially overlapping 330-bp long segment of the 3' LTR of HERV-K10. The following 367 bp of HERV-K10 (8831-9197), which include a putative TATA box, are absent from both C2 and SINE-R11. This segment is followed by the second homology subregion of HERV-K10, which spans 102 bp of the 3' LTR (9198-9299) and includes a putative polyadenylation signal, AATAAA.
The homology between SINE-R.C2 and SINE-Ikll extends upstream and downstream of the HERV-K10 homology region, spanning the entire length of SINE-Ikll except for 19 bp at its 3' end. The overall nucleotide identity between SINE-R.C2 and SINE-Rll is 91%. At the 5' end of the C2 gene homology region which constitutes the Y end of SINERll there is a poly(Y) tract possibly representing the poly(A) tail of a partial transcript of HERV-K10. The 3' end of the C2 homology region and the corresponding 5' end of SINERll are composed of tandemly repeated, G-and C-rich nucleotide sequences. SINE-R11 contains six tandem repeats as compared to 23 and 17 for the C2 aUeles a and b, respectively. ............................. . ................................................ (Fig. 1) . These sequence data are available from EMBL under accession numbers Zl1739 and Zl1740.
The tandem repeats of both C2 alldes are followed by a 427-bp-long segment (2042-2468, allde b) which appears to consist of remnants of nudeotide repeats. The presence of a 18-bp-long nudeotide sequence, AGCTCTAGGAA-CATTCTT, at the 3' end of this segment which is a direct repeat of a 5' end sequence (Fig. 2) , suggests that this region is part of the retroposon. Assuming that this 18-bp long sequence represents a target site duplication, the length of SINE-R.C2, 1,884 and 1,667 bp for aUde a and b, respectively, is larger than that of the average SINE-type retroposon (19) .
An alignment of the tandem repeats of the two C2 alleles is shown in Fig. 3 . Inspection of the repeated sequences indicates two types of repeats that are homologous to each other but differ in length. The most common, type I repeat, consists of 40 bp, whih the type II repeat consists of 49 bp. There are 16 type I and 6 type II repeats in allde a, and 12 and 5, respectively, in allele b. In addition, a half repeat is present only in allele a. Type I repeats of both alleles are 79% homologous to their consensus sequence, which is 85% homologous to that of the tandem repeats of the three previously the potential to form cruciform structures (20, that could contribute to the restricted alldic variation of the VNTR locus. A 15-bp nucleotide motif, AGAACAAAATGAAAA, starting at nucleotide 1187 of the C2 sequence (Hg. 2) is complementary to the consensus 15 met of binding sites for glucocorticoid receptors of steroid-regulated genes (21) . A sequence motif, TCACTT, complementary to the AAGTGA inducible enhancer element of the interferon-/~ gene (22) , is present in 11 and 7 copies in allele a and b, respectively. A number of potential Sp1 binding sites (GGGCGG) are also present in both alleles. The presence of these elements raises the possibility that this region of the SINE-R.C2 has regulatory activity for the C2 gene. This possibility is currently under investigation.
